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Abstract
We study baryon number violating nucleon decays induced by unparticle interactions with the
standard model particles. We find that the lowest dimension operators which cause nucleon decays
can arise at dimension 6+(ds−3/2) with the unparticles being a spinor of dimension ds = dU+1/2.
For scalar and vector unparticles of dimension dU , the lowest order operatoers arise at 6 + dU
and 7 + dU dimensions, respectively. Comparing the spinor unparticle induced n → O
s
U and
experimental bound on invisible decay of a neutron from KamLAND, we find that the scale for
unparticle physics is required to be larger than 1010 GeV for dU < 2 if the couplings are set to
be of order one. For scalar and vector unparticles, the dominant baryon number violating decay
modes are n→ ν¯ +OU (O
µ
U ) and p→ e
+ +OU (O
µ
U ). The same experimental bound puts the scales
for scalar and vector unparticle to be larger than 107 and 105 GeV for dU < 2 with couplings set
to be of order one. Data on p→ e+invisible puts similar constraints on unparticle interactions.
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One of the outstanding problems of modern particle physics it whether proton is stable
or not. If proton decays, baryon number is violated. Baryon number violation is one of the
necessary conditions to explain why our universe at present is dominated by matter if initially
there are equal amount of matter and anti-matter as shown by Sakharov[1]. It also provides a
test for grand unified theories. Experimentally, no proton decay has been detected setting a
lower bound of 1033 years[2] for proton lifetime. The Standard Model (SM) Lagrangian does
not allow baryon number violating renormalizable interactions and therefore forbids proton
or more generally baryon number violating nucleon decays. Although non-perturbative
effects can induce baryon number violation in the SM, it is too small for any experimental
observation. In grand unification theories, such as SU(5) theory, baryon number can be
violated and proton can decay by exchanging heavy particles. The long lifetime bound on
proton pushes the scale of the heavy particle mass to the unification scale and rules out
some grand unification models. If nonrenormalizable terms are allowed in the Lagrangian,
it is possible to have baryon number violation in the SM. The lowest dimension operators
of this kind have dimension six. When going beyond the SM, it is also possible to have
renormalizable baryon number violating interactions at low energy, such as in R-parity
violating supersymmetric theories. It is of interest to determine the constraints on the
interaction strengthes of these operators. Such studies can provide information about the
scale where the new physics effects become important. Much work has been done along this
line. In this work we study possible effect of unparticle physics on baryon number violating
nucleon decays.
The concept of unparticle [3] stems from the observation that certain high energy theory
with a nontrivial infrared fixed-point at some scale ΛU may develop a scale-invariant degree
of freedom below the scale. The unparticle kinematics is mainly determined by its scaling
dimension dU under scale transformations. The unparticle must interact with particles,
however feebly, to be physically relevant; and the interaction can be well described in effective
field theory. At low energy the interaction of an unparticle OU with an operator composed of
SM particles OSM of dimension dSM can be parameterized in the form λΛ
4−dSM−dU
U OSMOU .
There has been a burst of activities on unparticle studies[4, 5, 6, 7, 8, 9, 10, 11, 12, 13] since
the seminal work of Georgi [3].
An unparticle looks like a non-integral dU dimension invisible particle. Depending on the
nature of the original operator inducing the unparticle and the mechanism of transmutation,
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the resulting unparticles may have different Lorentz structures, such as scalar (OU), spinor
(OsU) and vector (O
µ
U) unparticles. We use dU to indicate the dimensions of OU and O
µ
U ,
and ds = dU + 1/2 to indicate the dimension of O
s
U . When taking the limit that dU = 1,
the operators go to the limit of ordinary scalar, vector and spinor fields. There are many
unknowns when writing down the effective interaction with unparticles even if one assumes
that it is a SM singlet with known spin structure[6]. Most of the phenomenological studies
then focused on constraining unparticle interactions with the SM particles using various
processes. In our study of unparticle interaction induced baryon number violating nucleon
decays we will also use the effective field theory approach. We first identify all possible low
dimension operators relevant and then constrain the couplings.
In the SM, operators which can induce baryon number violating nucleon decays can only
be generated at dimension six or higher. With unparticles, the lowest dimension operators
can arise at 6 + (ds − 3/2) with the unparticles being a spinor. For scalar and vector
unparticles, the lowest order operatoers arise at 6 + dU and 7 + dU dimensions, respectively.
We find that the recent result on invisible decay of a neutron from KamLAND[14] can put
very stringent bounds on the relevant coupling. A reliable bound on proton decay into a
positron and missing energy can also put stringent constraints. We now proceed with details.
Let us begin by listing the dimension six operators which violate baryon number in the
SM,
OQQQ = Q¯
c
LQLL¯
c
LQL, OQQU = Q¯
c
LQLE¯
c
RUR, ODUQ = D¯
c
RURL¯
c
LQL,
OUUD = U¯
c
RURE¯
c
RDR, ODUU = D¯
c
RURE¯
c
RUR, OQQD = Q¯
c
LQLν¯
c
RDR,
ODDU = D¯
c
RDRν¯
c
RUR, OUDD = U¯
c
RDRν¯
c
RDR. (1)
Here we have also included operators involving right-handed neutrinos which may be needed
for neutrino mass in the Standard Model. Each operator is associated with a coupling
strength λi/Λ
2. Here Λ is the scale where the baryon number violation is generated due to
new physics effects. With a given Λ, λi indicates the relative strength of each operator.
The lowest dimension operators which violate baryon number can be constructed involve
spinor unparticles. They are given by
OsQQD = Q¯
c
LQLO¯
s
UDR, O
s
UUD = U¯
c
RURO¯
s
UDR, O
s
DUU = D¯
c
RURO¯
s
UUR. (2)
Each operator is associated with a coupling λsi/Λ
dU+1/2
U . These operators look similar to the
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one with the spinor unparticle replaced by a right-handed singlet neutrino in form. However,
there is a crucial difference that with unparticle, one can talk about a baryon decay into an
unparticle, but not decay into another particle. We will come back to this later.
For scalar unparticles, in order to have baryon number violation, one has to go to at least
dimension 6+dU . The lowest dimension ones can be obtained by attaching a scalar unparticle
OU to the operators in eq.(1), such as O
U
QQQ = Q¯
c
LQLL¯
c
LQLOU , with λi/Λ
2 replaced by
λUi /Λ
dU+2
U .
For vector unparticles, one has to go to even higher order, at least 7 + dU . The lowest
dimension ones can be obtained by attaching the unparticle to the operators in eq.(1) and
inserting OµU , derivative ∂
µ and the covariant derivative Dµ in between the bi-spinors in
eq.(1) at appropriate places, for example Q¯cLQLL¯
c
LσµνQL∂
µOνU . The associated coupling
should then be replaced by λµi /Λ
dU+3
U .
The above operators can induce baryon number violating nucleon decays. Upper bound
on relevant decay modes can be used to put constraints on the corresponding parameters.
Since the unparticle behaves like an invisible object which carries away energy and escape
detection, the signature is missing energy, the invisible part of the decay. We now study the
constraints on the couplings of the above mentioned operators.
The baryon number violating operators with a spinor unparticle will induce n → OsU
decay. The experimental signature is total invisible decay of a neutron. For this decay there
is a strong recent bound from Kamland[14] with τ(n→ invisible) > 5.8× 1030 years. Using
this bound we can put a very stringent bound on the couplings. Let us take the operator
Q¯cLQLO¯
sDR to show details.
The matrix element for this decay is given by
M(n→ U) = 2
λQQD
Λ
dU+1/2
U
αO¯sRn, (3)
where the parameter α is defined by αRn = − < 0|(u¯cβLdγ)Rdαǫ
αβγ |n >. Here R(L) =
(1 + (−)γ5)/2.
Several other related matrix elements will be used later. We summarize the definitions
here. They are αLn =< 0|(u¯cβRdγ)Ldαǫ
αβγ |n >, βLn =< 0|(u¯cβLdγ)Ldαǫ
αβγ |n > and βRn =
− < 0|(u¯cβRdγ)Rdαǫ
αβγ |n >. The absolute values of α and β are almost equal to each other.
These matrix elements have been calculated on the lattice recently. Calculations in ref.[15]
give α = −0.0118(21) GeV3 and β = 0.0118(21) GeV3, and calculations in ref.[16] give
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|α| = 0.0090(+5− 19) GeV3 and |β| = 0.0096(09)(+6− 20) GeV3. In our later discussions
we will use 0.01 GeV3 for both |α| and |β|.
In calculating decay width, one should be careful with the phase space of a unparti-
cle which is dramatically different than that for a particle. For a usual massless particle,
the phase space is given by 2πθ(p0)δ(p2)d4p/(2π)4, but for a unparticle it is replaced by
AdUθ(p
0)θ(p2)ad4p/(2π)4. Here Adu = (16π
5/2/(2π)2dU )Γ(dU + 1/2)/(Γ(dU − 1)Γ(2dU). For
scalar and vector unparticles, a = (p2)dU−2, and for spinor unparticle, a = (p2)ds−5/2 =
(p2)dU−4.
Due to the unique phase structure of unparticles, a particle of any mass can decay into
an unparticle. For n→ OsU , we obtain
Γ(n→ OsU) = 4AdU |λ
s
QQD|
2 |α|
2
m5n
(
mn
ΛU
)2dU+2
. (4)
Here we have used parity conserving spin-sum of spinor unparticle field[5],
∑
spinO
s
UO¯
s
U =
γµp
µ, and ds = dU + 1/2.
We comment that in the limit of dU equal to 1, the above decay width becomes zero since
AU has a factor 1/Γ(dU−1) which goes to zero when dU → 1. Physically this is because that
in this limit AdUθ(p
2)/p2(2−dU ) → 2πδ(p2) and the unparticle behaves as a massless particle.
When p2 = m2n, the delta function forces the width to be zero.
Saturating the experimental bound on n→ invisible by the above decay, one can constrain
the unparticle interactions. In Fig.1, we show constraint on λsQQD as a function of dU for
fixed ΛU = 10 TeV. We see that the constraint is very stringent. If ΛU is set to be larger,
the coupling becomes larger. In Fig. 2, we show the bound on the scalar ΛU with λi = 1.
Setting λQQD to be of order 1, the unparticle scale ΛU would be required to be larger than
1010 GeV (for dU = 1.5, Λ
s
U is around 10
12 GeV).
Replacing 2λsQQD by λ
s
UDD and λ
s
DDU in eq. (4), one obtains the decay widths induced
by the operators U¯ cRDRO¯
sDR and D¯
c
RDRO¯
sUR.
The operators in eq.(1) can induce p→ e+ + π0, ν¯ + π+ and n→ e+ + π−, ν¯ + π0 decays
which have been studied. The couplings are stringently constrained. When attaching an
scalar unparticle OU to the operators in eq.(1), one would naturally consider p → e
+ +
π0 + OU , ν¯ + π
+ + OU and n → e
+ + π− + OU , ν¯ + π
0 + OU decay modes to constrain the
interactions. We find, however, that there are simpler decay modes such as p → e+ + OU ,
and n→ ν¯+OU which can be used to constrain the interactions. Let us take Q¯
c
LQLL¯
c
LQLOU
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FIG. 1: Constraints on log10λi as functions of dU for ΛU = 10 TeV and |α| = |β| = 0.01 GeV
3.
The curves from bottom up are the upper bounds for λsQQD, λ
U
QQQ and λ
µ from the processes
n→ +OsU , n→ ν¯ +OU , and n→ ν¯ +O
µ
U , respectively.
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FIG. 2: Constraints on log10(ΛU/GeV ) as functions of dU for λi and |α| = |β| = 0.01 GeV
3.
The curves from top down are the lower bounds for log10(ΛU/GeV ), from the processes n → O
s
U ,
n→ ν¯ +OU , and n→ ν¯ +O
µ
U , respectively.
to show the details. We have the effective Lagrangian for these decays
L(p→ e+ +OU) = 2
λUQQQ
ΛdU+2U
βe¯cLpOU , L(n→ ν¯ +OU) = −2
λUQQQ
ΛdU+2U
βν¯cLnOU . (5)
When neutrino and electron masses are neglected, the formulas for the decay width for
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p→ e+ +OU and n→ ν¯ +OU are the same. We have
Γ = AdU
|λUQQQ|
2
16π2
|β|2
mNΛ4U
(
mN
ΛU
)2dU
B(3, dU − 1), (6)
where mN = mp and MN = mn for proton and neutron decays. B(a, b) is the standard
β-function.
The experimental bound on n → invisible from Kamland can be used to constrain n →
ν¯ + OU since neutrino is not measured. We show the constraint on the parameter λ
U
QQQ in
Fig. 1. It can be seen that the constraint is also very strong although weaker than that for
λsQQD. Setting λ
U
QQQ to be one, with dU = 1.5, the scale ΛU is required to be larger than 10
8
GeV. More details are shown in Fig. 2.
The experimental signature for the decay mode p→ e++OU is p→ e
++invisible. If one
takes the bound τ > 6 × 1029 years for p → e+ + anything from PDG[2, 17] and saturate
it with p → e+ + OU , one would obtain similar constraints as that from n → ν¯ + OU . The
other operators will induce similar decays, and the constraints are also similar.
Finally let us discuss vector unparticle induced baryon number violating decays. There
are many operators at dimension 7 + dU which can induce such decays. For illustration we
provide details for the operator Q¯cLQLL¯
c
LσµνQL∂
µOνU . This operator will induce p→ e
++OµU ,
and n→ ν¯ +OµU . The effective Lagrangian for these decays are given by
L(p→ e+ +OU) = 2
λµQQQ
ΛdU+3U
βe¯cLσµνp∂
µOνU ,
L(n→ ν¯ +OU) = −2
λµQQQ
ΛdU+3U
βν¯cLσµνn∂
µOνU . (7)
Neglecting neutrino and electron masses, we obtain the decay rates for these decays
Γ = AdU
|λµQQQ|
2
32π2
|β|2
Λ6U
mN
(
mN
ΛU
)2dU 6dU + 9
dU + 2
B(3, d− 1). (8)
Again using n → invisible data, one can constrain the couplings. We show the results
in Fig.1. From the figure it is clear that the constraint is weaker compared with previous
constraints, but is still very strong. Setting λµQQQ to be one, with dU = 1.5, the scale ΛU is
required to be larger than 106 GeV as can be seen from Fig. 2.
In summary, we have studied baryon number violating nucleon decays induced by unpar-
ticle interactions with the standard model particles. We found that the lowest dimension
operators can arise at dimension 6 + (ds − 3/2) = 6 + (dU − 1) with the unparticles being
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a spinor. For scalar and vector unparticles, the lowest order operatoers arise at 6 + dU
and 7 + dU dimensions, respectively. For spinor unparticle, the dominant decay mode is
n → OsU . Experimental bound on invisible decay of a neutron from KamLAND puts very
stringent bounds on the relevant coupling. If the coupling is of order one, the unparticle
scale is required to be larger than 1010 GeV for dU < 2. For scalar and vector unparticles,
the dominant decay modes are n → ν¯ + OU(O
µ
U) and p → e
+ + OU(O
µ
U). Invisible decay of
a neutron bound also puts very strong constraints on the relevant couplings and push the
unparticle scales for sclar and vector to be 107 GeV and 105 GeV for dU < 2, repectively.
Data on proton decay into a positron and missing energy can also put stringent constrains.
Acknowledgement: XGH was supported in part by the NSC and NCTS, and SP was
supported by U.S.D.O.E. under grant no. DE-FG03-91ER40833. SP would like to acknowl-
edge support and hospitality of the CosPA 2007 (November 2007) where this work was
initiated.
[1] A. D. Sakharov, Pisma Zh. Eksp. Teor. Fiz. 5 (1967) 32 [JETP Lett. 5 (1967 SOPUA,34,392-
393.1991 UFNAA,161,61-64.1991) 24].
[2] W.-M. Yao, et al., Particle Data Group, J. Phys. G33, 1(2006).
[3] H. Georgi, Phys. Rev. Lett. 98, 221601 (2007) [arXiv:hep-ph/0703260].
[4] H. Georgi, Phys. Lett. B 650, 275 (2007) [arXiv:0704.2457 [hep-ph]]; K. Cheung, W. Y. Keung
and T. C. Yuan, Phys. Rev. Lett. 99, 051803 (2007) [arXiv:0704.2588 [hep-ph]].
[5] M. Luo and G. Zhu, arXiv:0704.3532 [hep-ph].
[6] S. L. Chen and X. G. He, Phys. Rev. D 76, 091702 (2007) [arXiv:0705.3946 [hep-ph]].
[7] C. H. Chen and C. Q. Geng, arXiv:0705.0689 [hep-ph]; G. J. Ding and M. L. Yan, Phys.
Rev. D 76, 075005 (2007) [arXiv:0705.0794 [hep-ph]]; Y. Liao, Phys. Rev. D 76, 056006
(2007) [arXiv:0705.0837 [hep-ph]]; T. M. Aliev, A. S. Cornell and N. Gaur, Phys. Lett. B
657, 77 (2007) [arXiv:0705.1326 [hep-ph]]; X. Q. Li and Z. T. Wei, Phys. Lett. B 651, 380
(2007) [arXiv:0705.1821 [hep-ph]]; C. D. Lu, W. Wang and Y. M. Wang, Phys. Rev. D 76,
077701 (2007) [arXiv:0705.2909 [hep-ph]]; M. A. Stephanov, Phys. Rev. D 76, 035008 (2007)
[arXiv:0705.3049 [hep-ph]]; P. J. Fox, A. Rajaraman and Y. Shirman, Phys. Rev. D 76, 075004
(2007) [arXiv:0705.3092 [hep-ph]]; N. Greiner, Phys. Lett. B 653, 75 (2007) [arXiv:0705.3518
8
[hep-ph]]; H. Davoudiasl, Phys. Rev. Lett. 99, 141301 (2007) [arXiv:0705.3636 [hep-ph]];
D. Choudhury, D. K. Ghosh and Mamta, arXiv:0705.3637 [hep-ph]; T. M. Aliev, A. S. Cornell
and N. Gaur, JHEP 0707, 072 (2007) [arXiv:0705.4542 [hep-ph]]; P. Mathews and V. Ravin-
dran, Phys. Lett. B 657, 198 (2007) [arXiv:0705.4599 [hep-ph]].
[8] S. Zhou, arXiv:0706.0302 [hep-ph]; G. J. Ding and M. L. Yan, arXiv:0706.0325 [hep-ph];
C. H. Chen and C. Q. Geng, Phys. Rev. D 76, 036007 (2007) [arXiv:0706.0850 [hep-ph]];
Y. Liao and J. Y. Liu, arXiv:0706.1284 [hep-ph]; P. Ball, M. Bander, J. L. Feng, A. Ra-
jaraman and Y. Shirman, arXiv:0706.2677 [hep-ph]; T. G. Rizzo, JHEP 0710, 044 (2007)
[arXiv:0706.3025 [hep-ph]]; K. Cheung, W. Y. Keung and T. C. Yuan, Phys. Rev. D 76,
055003 (2007) [arXiv:0706.3155 [hep-ph]].
[9] S. L. Chen, X. G. He and H. C. Tsai, JHEP 0711, 010 (2007) [arXiv:0707.0187 [hep-
ph]]; R. Zwicky, arXiv:0707.0677 [hep-ph]; T. Kikuchi and N. Okada, arXiv:0707.0893 [hep-
ph]; R. Mohanta and A. K. Giri, Phys. Rev. D 76, 075015 (2007) [arXiv:0707.1234 [hep-
ph]]; C. S. Huang and X. H. Wu, arXiv:0707.1268 [hep-ph]; A. Lenz, Phys. Rev. D 76,
065006 (2007) [arXiv:0707.1535 [hep-ph]]; D. Choudhury and D. K. Ghosh, arXiv:0707.2074
[hep-ph]; H. Zhang, C. S. Li and Z. Li, arXiv:0707.2132 [hep-ph]; X. Q. Li, Y. Liu and
Z. T. Wei, arXiv:0707.2285 [hep-ph]; Y. Nakayama, Phys. Rev. D 76, 105009 (2007)
[arXiv:0707.2451 [hep-ph]]; N. G. Deshpande, X. G. He and J. Jiang, Phys. Lett. B 656,
91 (2007) [arXiv:0707.2959 [hep-ph]]; T. A. Ryttov and F. Sannino, Phys. Rev. D 76, 105004
(2007) [arXiv:0707.3166 [hep-th]]; R. Mohanta and A. K. Giri, Phys. Rev. D 76, 057701 (2007)
[arXiv:0707.3308 [hep-ph]]; A. Delgado, J. R. Espinosa and M. Quiros, JHEP 0710, 094 (2007)
[arXiv:0707.4309 [hep-ph]].
[10] M. Neubert, arXiv:0708.0036 [hep-ph]; M. x. Luo, W. Wu and G. h. Zhu, arXiv:0708.0671
[hep-ph]; S. Hannestad, G. Raffelt and Y. Y. Y. Wong, arXiv:0708.1404 [hep-ph]; N. G. Desh-
pande, S. D. H. Hsu and J. Jiang, arXiv:0708.2735 [hep-ph]; P. K. Das, arXiv:0708.2812
[hep-ph]; G. Bhattacharyya, D. Choudhury and D. K. Ghosh, Phys. Lett. B 655, 261 (2007)
[arXiv:0708.2835 [hep-ph]]; Y. Liao, arXiv:0708.3327 [hep-ph]; D. Majumdar, arXiv:0708.3485
[hep-ph]; A. T. Alan and N. K. Pak, arXiv:0708.3802 [hep-ph]; A. Freitas and D. Wyler,
arXiv:0708.4339 [hep-ph]; I. Gogoladze, N. Okada and Q. Shafi, arXiv:0708.4405 [hep-ph].
[11] C. H. Chen and C. Q. Geng, arXiv:0709.0235 [hep-ph]; T. i. Hur, P. Ko and X. H. Wu,
arXiv:0709.0629 [hep-ph]; L. Anchordoqui and H. Goldberg, arXiv:0709.0678 [hep-ph]. S. Ma-
9
jhi, arXiv:0709.1960 [hep-ph]; J. McDonald, arXiv:0709.2350 [hep-ph]; M. C. Kumar, P. Math-
ews, V. Ravindran and A. Tripathi, arXiv:0709.2478 [hep-ph]; S. Das, S. Mohanty and K. Rao,
arXiv:0709.2583 [hep-ph]; G. j. Ding and M. L. Yan, arXiv:0709.3435 [hep-ph];
[12] A. B. Balantekin and K. O. Ozansoy, arXiv:0710.0028 [hep-ph]; T. M. Aliev and M. Savci,
arXiv:0710.1505 [hep-ph]; K. Cheung, W. Y. Keung and T. C. Yuan, arXiv:0710.2230 [hep-
ph]; E. O. Iltan, arXiv:0710.2677 [hep-ph]; S. L. Chen, X. G. He, X. Q. Li, H. C. Tsai and
Z. T. Wei, arXiv:0710.3663 [hep-ph]; I. Lewis, arXiv:0710.4147 [hep-ph]; A. T. Alan, N. K. Pak
and A. Senol, arXiv:0710.4239 [hep-ph]; G. L. Alberghi, A. Y. Kamenshchik, A. Tronconi,
G. P. Vacca and G. Venturi, arXiv:0710.4275 [hep-th]; S. L. Chen, X. G. He, X. P. Hu and
Y. Liao, arXiv:0710.5129 [hep-ph]; O. Cakir and K. O. Ozansoy, arXiv:0710.5773 [hep-ph].
[13] T. Kikuchi and N. Okada, arXiv:0711.1506 [hep-ph]; I. Sahin and B. Sahin, arXiv:0711.1665
[hep-ph]; E. O. Iltan, arXiv:0711.2744 [hep-ph]; A. T. Alan, arXiv:0711.3272 [hep-ph]; K. Che-
ung, C. S. Li and T. C. Yuan, arXiv:0711.3361 [hep-ph]; R. Mohanta and A. K. Giri,
arXiv:0711.3516 [hep-ph]; J. R. Mureika, arXiv:0712.1786 [hep-ph]. Y. Wu and D. X. Zhang,
arXiv:0712.3923 [hep-ph].
[14] T. Araki et al., KamLAND Collaboration, Phys. Rev. Lett. 96: 101802 (2006).
[15] Y. Aoki, d. Dawson, J. Noaki and A. Soni, Phys. rev. d75, 014507(2007).
[16] N. Tsutsui et al., Phys. Rev. D70, 111501(2004).
[17] Although stronger bounds on the decay mode p→ e+ + invisible can, most likely, be derived
from the existing data (J.G. Learned, Private Communication).
10
